I. INTRODUCTION
The vertical axis wind turbine is simple in construction, low cost, self-starting at low wind speed and do not require yaw mechanism. It always orient towards the wind direction. This makes it suitable for generating electrical energy for house hold application at rural and urban areas in many countries especially in India. In recent years, research work is carried out to increase the power coefficient of vertical axis wind turbine. Review of the papers show that, the CFD analysis and experiments are conducted in slow speed wind tunnel on various types of vertical axis wind turbines like Darrieus, H-type, and Savonius. In many research papers, the performance of the turbine is studied and investigated with varying design parameters such as number of blades, profile of blades, aspect ratio, and pitch angle. It is observed the power coefficient of savonius turbine is varies from 0.12 to 0.22 for different operating parameters.
Vertical axis wind turbines are mainly classified in two types; Savonius and Darrieus type. VAWTs mainly useful for house hold application at rural and urban areas such as individual homes, farms or some residential areas as way of providing personal wind energy. Wind energy is the most potential and economical energy resource compared with conventional energy resources. Wind energy can help in reducing the dependency on fossil fuel. Necessary steps are being taken up across the world to harness the maximum power from wind and its effective utilization in power production for household application. It has been predicted that roughly 10 million MW of wind energy continually available on the surface of earth. India's wind power potential is 45000 MW [1] .
S. J. Savonius first developed the vertical axis Savonius rotor in late 1920.This type of turbine generates the electricity through the drag force. The Savonius turbine is developed by cutting cylinder into two equal parts along the central plane and taking two semi cylinder surfaces sideways along the cutting the plane that the cross section resembled the letter 'S'. The Savonius wind turbine works because of difference in forces exerted on each blade. The drag force on concave face of the cylinder is greater than the drag force on the convex section of blade [2] .
Darrieus wind turbine rotors are based on lift force; it was first developed by G. J. Darrieus, a French Engineer in 1925. Darrieus wind rotor has two to three thin curve blades with airfoil cross section profile and constant chord length. Darrieus type wind rotor has many variants, all of which use lift force to rotate the rotor and hence generate electricity. According to Mohammed Hadi Ali, two blades Savonius wind turbine is more efficient and it has higher power coefficient under the same operating condition than that of three blade Savonius wind turbine [3] . Burcin Deda Alten attempted to curtain arrangement as a wind deflector with a simple construction to prevent negative torque that occurs on the convex surface of Savonius rotor [4] . Kamoji et al. observed the effect of the overlap ratio, blade arc angle, and aspect ratio and Reynolds number on the performance of Savonius rotor. They found that, the modified Savonius rotor without overlap ratio, with blade arc angle of 124° and with an aspect ratio of 0.7 has a maximum power coefficient 0.21 at low wind speed [5] . U. K. Saha conducted test on single, two and three stage Savonius rotor with identical stage aspect ratio and concluded that two stage Savonius rotor perform better than the single stage and three stage Savonius rotor [6] . J. L. Menet presented study on single and double stage Savonius rotor. He used blades from plastic tube (PVC) and steel shaft. He utilized a rotor with aspect ratio of 4 and overlap of 0.25 and the mean coefficient of power between 5 and 10 m/s was found to be 0.29 [7] . M. A. Kamoji [8] [9] . Taher G. Abu-El-Yazied created twelve models with different number of blades and blade chord lengths to study their effect on the performance of Darrieus wind turbine using the CFD analysis.
The results show increase in blade chord length increases the power coefficient till a certain limit after which power coefficient is considerably decreases due to increase in solidity and decreasing corresponding tip speed ratio [10] . S. Brusca et al. analyzed performance of H-rotor with different aspect ratio and concluded that, H-rotor coefficient of power is better at low aspect ratio [11] . Gupta et al. made a combination between Savonius turbine and Darrieus turbine. They compared the results obtained with those of conventional Savonius rotor. They observed that there is improvement in the power coefficient for the combined Savonius-Darrieus rotor [12] .
Robert Howell et al. made combined experimental and computational study into the aerodynamics and performance of a small scale vertical axis wind turbine. The straight turbine rotor blade, with an aspect ratio of 4:1, operates at relatively low tip speeds and its performance shows a clear dependence on the rotor blade surface finish. Performance is enhanced by having the surface of the turbine roughened at a critical Reynolds number 30,000 [13] . Fang Feng combined Savonius rotor with H-rotor and reported that, H-rotor is self-started at low tip speed ratio [14] . According to S. M. RassoulinejadMousai Savonius rotor was low efficient but self-started at low speed. On the other hand H-rotor Darrieus is high efficient but not self-started [15] .
Present study includes the performance analysis of Savonius turbine with two, three and four blades with cover plate and Darrieus turbine with three and four airfoil blades experimentally. The coefficient of power between modified hybrid turbine, Savonius and Darrieus rotor is determined experimentally and compared.
II. PERFORMANCE PARAMETERS
The power in the wind can be computed by using the concepts of kinetics. The wind mill works on the principle of converting kinetic energy of the wind to mechanical energy. Fig. 1-3 show the tested turbines and various design parameters of these turbines are given in the Tables 1-3. The test turbines are supported vertically in steel structure as shown in Fig. 4 (b, c, d ) and placed 450 mm downstream the exit section of a wind tunnel such that the axis of rotation is in line with the center of the wind tunnel exit area. The wind tunnel is 750 mm wide, 600 mm deep and 4800 mm long. The axial fan is used to flow air on the test turbine blades and supplies air with range of 0-12 m/s at the exit of the wind tunnel. The wind velocity supplied by axial fan is measured at exit of the wind tunnel by using a digital anemometer. The digital tachometer is used to measure the speed of the rotating shaft of the test turbine. A rope brake drum dynamometer is used for loading the test turbine to measure the torque. The weighing pan, pulley and spring balance are connected by rope of 6mm diameter.
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The three types of turbines considered for the experimentation as given below.
1. Savonoius turbine with α=1, β=0.16 (D=600 mm, H=600 mm) with two, three and four blades. Fig. 6 represent the variation of turbine speed and power with wind speed for the Savonius rotors. The three blades rotor gives higher speed and higher turbine power at low wind speed 2-6 m/s compared to two and four blades. In two blade Savonius turbine, one blade is directly exposed for maximum work done, which is perpendicular with wind direction. However impact of air on convex portion of other blade gives maximum resistance compared with two such blades at different angle for three blades. For four blades the frictional losses are more compared with two and three blades of Savonius turbine. Therefore three blades Savonius rotor gives higher coefficient of power at low wind speed 2-5.5 m/s than to two and four blades as shown in Fig. 7 . Fig. 8 and Fig. 9 show the variation of coefficient of static torque and coefficient of torque. The static torque is the torque affected on rotor to stop its rotation and keep it stand still. The static torque coefficient can be calculated by Eq. 11. It is observed from the Fig. 9 that, the static torque coefficient of three blade rotor is more than the two and four blades rotor at entire range of wind speed (1.5-8 m/s). Fig. 10 to Fig. 12 represent the variation of turbine speed, turbine power and coefficient of power with wind speed for the Darrieus turbine with three and four aerofoil blades. The coefficient of power of Darrieus turbine with four blades is 0.21. It is clear from the graph that the Darrieus turbine with four aerofoil blades is more efficient than the three aerofoil blade in the range of wind speed form 5 m/s to 9 m/s. This may be because of increasing the number of blades from three to four results in full utilization of incoming wind. From the results it is also seen that the Darrieus turbine is more efficient than the Savonius turbine but it is not self-started at low wind speed 0-5 m/s. 15 that the coefficient of power of 3 Savonius and 3 airfoil is 0.23 at low wind speed and it is higher than the other combinations of this turbine and also higher than the individual Savonius and Darrieus turbine. The hybrid turbine with 3 Savonius and 3 airfoil blades is recommended for house hold application. 
V. RESULTS AND DISCUSSION

A. Results and Discussion of Savonius Turbine
B. Results and Discussion of Darrieus Turbine
VI. CONCLUSIONS
In the present work Savonius, Darrieus and Hybrid turbine with different combination of two, three and four blades with aspect ratio α=1 and overlap ratio β=0.16 are tested experimentally to determine the size, geometries of these turbines for limited power generation for house hold applications. The following conclusions are drawn from the present study.
Coefficient of power of the Savonius turbine is 0.19 at wind speed 3 m/s and it suddenly decreases as wind speed increases. Savonius turbine with three blades performs better at low wind speed than two and four blades Savonius turbine.
Darrieus turbine is not self-started at low wind speed but it is more efficient than the Savonius turbine in the range of wind speed 5-9 m/s. Coefficient of power of Darrieus turbine with four aerofoil blades is 0.21 at 7 m/s wind speed.
Coefficient of power of hybrid turbine is 0.23 at low wind speed which is higher than the Savonius and Darrieus turbine. Generally wind speed range 0-6 m/s is available at the rural and urban areas. Since the Hybrid turbine coefficient of power is more than the Darrieus and Savonius turbine at low wind speed it is suitable and recommended for house hold application for power generation in rural and urban area. 
